INTRODUCTION {#sec1-1}
============

Epilepsy and psychosis are the most common chronic noncommunicable neurological disorders of the brain.\[[@ref1][@ref2]\] About 50 million people worldwide have epilepsy. In developing countries, the incidence of epilepsy in the general population is approximately estimated to be 80 per 100,000 per year.\[[@ref2]\] The lifetime prevalence of all psychotic disorders is 5-8% in the general population and becomes more common as people age.\[[@ref3]\] The currently available drugs for these chronic neurological disorders are synthetic molecules associated with side effects such as ataxia, sedation, depression, hepatic failure, dizziness, and behavioural disturbances.\[[@ref1]\] Moreover, approximately 30% of the patients continue to have seizures with synthetic drug treatment.\[[@ref4]\] Owing to this, there is a demand for complementary medications and remedies because of lesser toxicity and cost effectiveness compared to synthetic drugs. The aim also seems to enhance long-term therapy compliance of epileptic and psychotic patients.\[[@ref5]\]

*Śilājatu* (*Shilajit*; SJ) is a brown to blackish naturally occurring herbo-mineral sticky exudate found in steep rocks in mountainous Himalayan regions of the Indian subcontinent in the peak summer months. Molecularly, SJ contains mainly humic substances, which are the products of degradation of plants by microorganisms. This leads to the generation of a phytocomplex rich in humic substances, fulvic acid, resins, amino acids, and selenium, among others. SJ is reported to contain fatty acids, benzcoumarin derivatives, triterpenes, several phenolic compounds such as shilajitol, shilanthralin, naphsilajitone and shilaxanthone.\[[@ref6][@ref7]\] Pharmacologically reported central nervous system (CNS) actions of SJ are nootropic, antianxiety,\[[@ref8]\] neuroprotective,\[[@ref9]\] antioxidant, hypnosedative,\[[@ref7]\] glycine, and GABA-mimetic.\[[@ref10]\]

However, SJ has not been screened so far for antiepileptic and antipsychotic properties, though in traditional Indian medicine, it is used for the treatment of epilepsy, neurobehavioural disorders and as an antistress agent.\[[@ref7]\] Śāstric formulations containing SJ such as *Śiva guṭikā* and *Mānasamitra vaṭaka* are mainly used for mental/psychological disorders, epilepsy, and to treat retarded intellect.\[[@ref11]\] Further, there are proprietary drugs containing SJ used for various mental disorders \[[Table 1](#T1){ref-type="table"}\]. The LD~50~ of SJ is as high as 1000 mg/kg in rodents with no mortality or adverse effects indicating its safety.\[[@ref12]\] In another study, SJ up to 5000 mg/kg for 91 days repeated administration showed long term safety in rats.\[[@ref13]\]

###### 

Proprietary drugs containing SJ
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In the present study, SJ was evaluated for antiepileptic and antipsychotic activities in experimental animals.

MATERIALS AND METHODS {#sec1-2}
=====================

Collection of SJ, drugs and chemicals {#sec2-1}
-------------------------------------

SJ powder sample (NRSE50) with batch number SJ/11002 was sourced from Natural Remedies Pvt. Ltd., Bangalore (Karnataka), India. The sample was a dark brown powder and standardized to contain 52.2% w/w fulvic acid and 10% w/w humic acid. SJ quality was analysed by different tests such as microbiology, pesticide residue and heavy metal analysis using induction coupled plasma-mass spectroscopy. The sample met the desired specifications set by different regulatory bodies \[Supplementary File \[SUPPORTING:1\]\]. Pentylenetetrazole (PTZ) and apomorphine HCl (Sigma-Aldrich Corporation, St. Louis, USA), isonicotinyl hydrazine (INH: Himedia, Mumbai, India), diazepam injection (Calmpose^®^, Ranbaxy Ltd., New Delhi, India), phenytoin injection (Eptoin^®^, Abbot, New Delhi, India), and haloperidol injection (Mindol^®^, Micro labs, Bangalore, India) were purchased. All other chemicals used were of analytical grade.

Experimental animals and research protocol approval {#sec2-2}
---------------------------------------------------

Young albino Wistar male rats (150-200 g) and Swiss albino mice of either sex (25-30 g) were obtained from the animal house of our institute. The animals were maintained under controlled conditions of temperature (25 ± 2°C) and humidity (45-65%) on a 12 h light: dark cycle and had free access to food and water *ad libitum*. All the animals were acclimatized for seven days before the study. A total of 60 rats and 90 mice were used in five different animal models to ascertain the antiepileptic and antipsychotic activities of SJ. The animals were randomized into experimental and control groups and housed individually in sanitized polypropylene cages containing sterile paddy husk as bedding. Food, but not water, was withdrawn 3 h before assessing the seizure activity and psychotic behaviours. The experimental protocol was approved by the Institutional Animal Ethics Committee (SSCPT/IAEC.CLEAR/104/2011-12) and conducted according to Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) guidelines, Government of India. The different types and stages of seizures, climbing and stereotyped behaviours were evaluated by an independent observer who was blinded to the treatment.

Preparation of solutions and suspensions {#sec2-3}
----------------------------------------

PTZ and INH were dissolved in normal saline and distilled water, respectively. Apomorphine HCl and SJ were dissolved in distilled water and used for animal studies. Distilled water was served as a vehicle and administered by the oral route to vehicle control animals. Study duration and doses of SJ (25 and 50 mg/kg, dry weight) were selected based on earlier research on CNS related (anxiety, brain oxidative stress, memory and cognition) disorders, which had shown dose dependent activity.\[[@ref8][@ref12]\]

Assessment of antiepileptic activity {#sec2-4}
------------------------------------

### Maximal Electro Shock (MES)-induced seizures {#sec3-1}

Albino Wistar male rats were divided into five groups of six each and treated as Groups 1 and 2 were vehicle and MES control groups, both received distilled water (1 ml/100 g); Group 3: the rats in this group were treated with standard drug phenytoin (90 mg/kg, i.p.); Groups 4 and 5 received SJ (25 and 50 mg/kg, p.o., respectively). All the treatments were given for duration of 15 days. On the concluding day of pretreatment, all groups received electric shock (150 mA, 50 Hz for 0.2 s) on the ear using an electroconvulsiometer (INCO, Ambala Pvt. Ltd., India) except the vehicle control. Total duration of the hind limb tonic extension (HLTE), onset of stupor and time taken for recovery were recorded.\[[@ref14]\]

### INH-induced seizures {#sec3-2}

Swiss albino female mice were divided into five groups (*n* = 6). The following treatment was given once daily for 15 days. Groups 1, 4, and 5 received the treatments as described under MES model. Group 2 served as the INH control and received distilled water (1 ml/100g); Group 3 received standard drug diazepam (5 mg/kg, i.p.). On the final day of pretreatment, mice of all groups, except vehicle control, were injected with INH (300 mg/kg, i.p.). INH was given an hour after oral feeding (vehicle and SJ) and 30 min after diazepam. The mice were then placed in an isolated Perspex chamber for 120 min observation and the occurrence of clonic, tonic seizures and death were recorded. The mortality protection was expressed as a percentage.\[[@ref15]\]

### PTZ-induced seizures {#sec3-3}

Swiss albino female mice were divided into five groups of six mice each and treated once daily for 15 days. Groups 1, 3, 4, and 5 received the treatments as described in above models. Group 2 severed as the PTZ control and received distilled water (1 ml/100 g). On seizure assessment day, PTZ (80 mg/kg, i.p.) was administered to groups 2, 4, and 5 after one hour of oral treatments and 30 min after i.p. treatment to group 3. All the mice were then placed in an isolated Perspex chamber for observation (duration: 60 min). The occurrence of clonic, tonic seizures and death were recorded during the observation. The protection against mortality was expressed in percentage.\[[@ref14]\]

### Estimation of brain GABA neurotransmitter {#sec3-4}

Brain GABA content was estimated in all seizure models according to a published procedure.\[[@ref16]\] On the 15^th^ day, after observing the seizures, each animal was sacrificed by decapitation and the brain was dissected out rapidly. It was blotted, weighed and placed in 5 ml of ice-cold trichloroacetic acid (10% w/v), homogenized and centrifuged at 10,000 rpm for 10 min at 0°C. A sample (0.1 ml) of tissue extract was added to 0.2 ml of 0.14 M ninhydrin solution in 0.5 M carbonate-bicarbonate buffer (pH 9.9), kept in a water bath at 60°C for 30 min, cooled and treated with 5 ml of copper tartrate reagent (0.16% w/v disodium carbonate, 0.03% w/v copper sulphate and 0.0329% w/v tartaric acid). After 10 min, fluorescence was recorded at 377/455 nm using spectofluorimeter (Shimadzu, Japan). Brain GABA content was calculated using a standard calibration curve (Y = MX + C) and expressed in ng/mg of wet brain tissue.\[[@ref17]\]

Assessment of antipsychotic activity {#sec2-5}
------------------------------------

### Apomorphine-induced climbing behaviour in mice {#sec3-5}

Swiss albino male mice were divided into five groups (*n* = 6) and treated for 15 days. Groups 1 and 2 were vehicle and apomorphine control, respectively and were treated with distilled water (1 ml/100 g); Groups 3 and 4 were orally treated with SJ at the doses of 25 and 50 mg/kg, respectively. Group 5 was the standard control which received haloperidol (0.1 mg/kg, i.p.). On behavioural assessment day, except group 1, mice of all groups were given apomorphine (3 mg/kg, s.c.) and placed individually in vertical wire mesh stick cages (diameter 12 cm, height 14 cm) for observation of climbing behaviour at every 10 min for 30 min. Before administration of apomorphine, mice were acclimatized to the new environment for a period of 30 min. The method of scoring was: 0 - four paws on the floor, 1 - forefeet holding the vertical bars and 2 - four feet holding the bars.\[[@ref18]\]

### Apomorphine-induced stereotyped behaviour in rats {#sec3-6}

Albino Wistar male rats were divided into five groups of six rats each. Groups 1, 2, 3, and 4 received the treatments as described in the previous model. Group 5 served as standard control and received haloperidol (1 mg/kg, i.p.) for 15 days. On the final day of the experiment, all groups, except vehicle control, were given apomorphine (1.5 mg/kg) injection. Immediately after the apomorphine challenge, the rats were placed in individual cages and observed for every 10 min for a total period of 90 min. The intervals permit one to observe the whole course of behavioural effects. The intensity of stereotyped activity was assessed according to a scoring system with 0 - asleep or still, 1 - active, 2 - predominantly active but with bursts of stereotyped sniffing and rearing, 3 - constant stereotyped activity such as sniffing, rearing, or head bobbing, but with locomotor activity still present, 4 - constant stereotyped activity maintained at one location, 5 - constant stereotyped activity but with bursts of licking or gnawing and biting, 6 - continual licking of cage grids and, 7 - continual biting of cage grids.\[[@ref19]\]

Statistical evaluation {#sec2-7}
----------------------

The data were expressed as mean ± S.E.M. Statistical comparisons were performed using one-way ANOVA followed by Tukey\'s post-test using Graph Pad Prism version 5.0, USA. A *P* \< 0.05 was considered significant.

RESULTS {#sec1-3}
=======

Effect of SJ on seizure models {#sec2-8}
------------------------------

### Effect of SJ on MES-induced seizures {#sec3-7}

The vehicle control group did not exhibit any phase of seizures. Electric shock produced HLTE and stupor in MES control rats. Pretreatment of rats with SJ (25 and 50 mg/kg) showed significant (*P* \< 0.01 and *P* \< 0.001, respectively) reduction (17.38% and 22.21%, respectively) in the duration of HLTE when compared to MES control rats. SJ at both the doses also significantly (*P* \< 0.001) reduced (52.88% and 62.04%, respectively) the onset of stupor. Phenytoin exhibited complete blockade of hind limb extensor phase and produced significant (*P* \< 0.001) reduction (59.32%) in the stupor phase of seizures \[[Table 2](#T2){ref-type="table"}\]. The time taken for recovery in MES control rats was 4.30 ± 0.71 min. Pretreatment of phenytoin and higher dose of SJ, respectively, showed 70.24% and 45.82% reduction in recovery time.

###### 

Effect of SJ on MES-induced seizures in rats
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### Effect of SJ on INH-induced seizures {#sec3-8}

Clonic and tonic seizures were not seen in the vehicle control group. INH (300 mg/kg) injection produced clonic and tonic seizures in INH control group and resulted in 100% death within 54.67 ± 1.17 min. SJ (25 mg/kg) pretreatment significantly (*P* \< 0.05) delayed the onset of tonic seizure (13.06%) and time to death when compared to INH control group. Higher dose of SJ and diazepam also showed significant (*P* \< 0.01 and *P* \< 0.001, respectively) delay in both the onset of clonic and tonic seizures (59.43% and 20.61%, respectively). Pretreatment of mice with SJ (25 and 50 mg/kg) and diazepam, respectively exhibited 33.33%, 83.33% and 100% protection against death \[[Table 3](#T3){ref-type="table"}\].

###### 

Effect of SJ on INH-induced seizures in mice
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### Effect of SJ on PTZ-induced seizures {#sec3-9}

Absence of seizures was observed in mice pretreated with vehicle alone and diazepam. Whereas, administration of PTZ alone produced clonic and tonic seizures in PTZ control group and exhibited 100% death within 6.67 ± 0.21 min. Mice pretreated with SJ (25 and 50 mg/kg) exhibited significant (*P* \< 0.05 and *P* \< 0.01, respectively) and dose dependent delay in the onset of clonic (111.12% and 155.56%, respectively) and tonic seizures (128.00% and 154.68%, respectively) when compared to PTZ control group. SJ at 25 mg/kg showed 83.33% protection against death. However, no deaths were observed in mice pretreated with higher dose of SJ and diazepam indicating 100% protection \[[Table 4](#T4){ref-type="table"}\].

###### 

Effect of SJ on PTZ-induced seizures in mice
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Estimation of brain GABA content {#sec2-9}
--------------------------------

Except MES model, challenge of chemical inducers (INH and PTZ) resulted in significant (*P* \< 0.05 and *P* \< 0.01, respectively) reduction in brain GABA content when compared to vehicle control. In MES model, SJ (25 and 50 mg/kg) pretreatment (3.85 ± 0.34 and 4.38 ± 0.53 ng/mg, respectively) and also phenytoin (4.57 ± 0.34 ng/mg) to rats failed to show significant increase in brain GABA content in comparison to MES control (3.18 ± 0.38 ng/mg) group. However, INH and PTZ controls produced significant (12.98% and 16.10%, respectively) reduction in brain GABA content when compared to their respective vehicle controls. SJ at lower (15.60% and 15.36%) and higher (approximately 16% and 15.86%) dose as well as diazepam (20.43% and 20.81%) exhibited significant increase in brain GABA content respectively, in INH and PTZ models \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\].

![Effect of SJ on brain GABA content in INH-induced seizures in mice. Results are expressed in mean ± S.E.M., (*n* = 6), ^a^*P* \< 0.05; ^e^*P* \< 0.01; ^f^*P* \< 0.001. ^a^*P* compared to vehicle control group and ^e,f^*P* compared to INH control group](ASL-35-110-g005){#F1}

![Effect of SJ on brain GABA content in PTZ-induced seizures in mice. Results are expressed in mean ± S.E.M., (*n* = 6), ^b,e^*P* \< 0.01; ^f^*P* \< 0.001. ^b^*P* compared to vehicle control group and ^e,f^*P* compared to PTZ control group](ASL-35-110-g006){#F2}

Effect of SJ on psychotic models {#sec2-10}
--------------------------------

### Effect of SJ on apomorphine-induced climbing behaviour in mice {#sec3-10}

Vehicle control mice displayed least climbing behaviour. Haloperidol pretreated group did not exhibit any climbing behaviour indicating 100% protection and higher activity, whereas administration of apomorphine alone to group 2 significantly (*P* \< 0.001) increased the climbing behaviour when compared to vehicle control. Pretreatment of mice with SJ (25 mg/kg), time dependently and significantly reduced the intensity of climbing behaviour at all the observed intervals with higher activity at 30 min (*P* \< 0.001) and the percentage reductions were, respectively 66.67%, 50.00%, and 80.13%. Further, SJ at 50 mg/kg produced gradual significant (*P* \< 0.001) reduction in climbing behaviour with 56.00% to 90.37% reductions \[[Table 5](#T5){ref-type="table"}\].

###### 

Effect of SJ on apomorphine-induced climbing behaviour in mice

![](ASL-35-110-g007)

### Effect of SJ on apomorphine-induced stereotyped behaviour in rats {#sec3-11}

Injection of apomorphine alone produced significant stereotyped behaviour in apomorphine control rats. Pretreatment of rats with SJ (25 and 50 mg/kg) produced significant reduction in stereotyped score at 40 (*P* \< 0.01) to 90 (*P* \< 0.001) min intervals and the percentage reductions gradually increased from 38.25% to 75.16% and 37.50% to 93.17%, respectively. Haloperidol pretreated group also revealed a statistically significant (*P* \< 0.001) reduction in stereotyped score at 20-90 min time intervals with percentage reductions from 56.66% to 100%. The vehicle control group exhibited minimal stereotyped behaviour \[[Table 6](#T6){ref-type="table"}\].

###### 

Effect of SJ on apomorphine-induced stereotypy in rats
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DISCUSSION {#sec1-4}
==========

The present study is a preliminary attempt to evaluate the antiepileptic and antipsychotic effects of SJ. The natural seizure pattern was mimicked in rodent models using MES-induced seizures in rats; and INH and PTZ-induced seizures in mice. The classical rodent seizure models were selected on the basis of the underlying mechanisms involved in the antiepileptic drugs (AEDs). The seizure pattern in MES for all laboratory animals and man are similar except for the time scale.\[[@ref20]\] MES-induced HLTE seizures are blocked by AEDs such as phenytoin, which are known to inhibit voltage sensitive Na^+^ channels.\[[@ref21]\] The epileptic action of INH (a GABA-synthesis inhibitor) involves disruption of GABAergic neurotransmission in the CNS.\[[@ref22]\] PTZ acts by selective blocking of Cl^−^ channel coupled to the GABA~A~ receptor complex. INH and PTZ-induced clonic-tonic seizures are blocked by AEDs such as diazepam by acting on the GABA~A~ receptor mediated Cl^−^ conductance.\[[@ref23]\] It has been scientifically affirmed that intra-peritoneal INH and PTZ-induced seizure identifies compounds that are effective against petit-mal and myoclonic types of seizures, whereas MES test identifies agents with activity against grand-mal epilepsy.\[[@ref18]\]

SJ produced a significant protective effect against seizures induced by electric shock. Seizures produced by MES can be explained by three phases such as, tonic extensor, stupor and recovery or death\[[@ref13]\] which was also seen in the present study. A fast recovery in the extension phase (HLTE) and onset of stupor were observed in rats pretreated with SJ, thus justifying its antiepileptic activity. In addition, SJ pretreated animals also showed fast recovery from seizures which further supports its protective activity against seizures. Phenytoin, a diphenylhydantoin, also significantly suppressed HLTE, stupor and fast recovery from seizures.

The antiepileptic activity of SJ is further confirmed by using INH and PTZ-induced seizures in mice. SJ pretreated mice in INH model exhibited significant delay in the onset of tonic seizures at both the doses. However, only higher dose of SJ showed significant postponement in the onset of clonic seizure and maximum mortality protection as well as delayed death. Further, in PTZ-induced seizure model, SJ pretreated mice produced a statistically significant delay in the onset of clonic and tonic seizures at both the doses with 100% mortality protection at higher dose.

Mice pretreated with SJ showed significant increase in brain GABA content when compared to INH and PTZ control mice, suggesting the antiepileptic effect of SJ probably through elevation of brain GABA content. However, SJ pretreatment failed to exhibit a significant increase in brain GABA content in MES model. This may be due to the fact that GABAergic system not being disturbed in MES model unlike other tested models.\[[@ref24]\] Electric shock mainly triggers the opening of Na^+^ channels and higher influx of Na^+^ ions, resulting in depolarization of nerve cell membranes, causing increased action potential and excitation of neuronal cells resulting in epileptic seizures.\[[@ref1]\] It is well known that anxiolytic drugs inhibit clonic and tonic seizures in mice.\[[@ref18]\] SJ is reported to possess anxiolytic activity\[[@ref8]\] and in some recent studies, it has also been reported with neuroprotective, glycine and GABA-mimetic actions.\[[@ref9][@ref10]\] It is as well reported that picrotoxin, a GABA~A~ receptor antagonist suppresses SJ-induced responses and completely blocked by strychnine, a glycine receptor antagonist.\[[@ref10]\] All of these studies justify the observed antiepileptic effect of SJ through GABA-mimetic actions. Further, fulvic and humic acids, major derivatives of SJ, exhibited several neurobehavioural protective characteristics, including hypnosedative, anxiolytic, neuroprotective and antioxidative effects.\[[@ref6][@ref7]\] Hence, it is also reasonable to assume that the antiepileptic action of SJ may also be because of the abovementioned neurodefensive effects.

The antipsychotic activity of SJ was evaluated by apomorphine-induced climbing and stereotyped behaviours in rodents. Apomorphine, an aporphine derivative, is well known direct dopamine D~2~ agonist and in higher dose it causes stimulant effects such as hyperactivity and stereotypy via stimulation of the central mesolimbic and striatal dopaminergic, serotonergic, noradrenergic neurotransmitters (via α~1A~,~2A~ and β pathways) as well as inhibition of GABA system.\[[@ref25][@ref26][@ref27]\] Moreover, mesolimbic dopaminergic mechanisms have been associated with a critical role in the demonstration of stereotypy after acute psychostimulant administration; some of the specific behaviours produced in these models closely resemble that of humans and are considered to be particularly relevant to psychiatric disorders.\[[@ref18]\]

The peripheral administration of apomorphine to mice and rats typically results in an increased locomotion and stereotyped behaviour (rearing, sniffing, licking, biting and gnawing), respectively,\[[@ref18]\] which was also observed in the present study. SJ pretreatment successfully decreased locomotory and stereotypy behaviours in both mice and rats in a dose dependent manner. The effect of higher dose of SJ on the neuro-behavioural activity was more potent than the lower dose. The drugs which antagonize climbing and stereotyped behaviours in rodents have been correlated with neuroleptic activity. Further, dopamine D~2~, serotonin and noradrenergic receptor blockade and GABA-mimetic actions are suggested in the management of psychosis.\[[@ref18]\]

Some noradrenergic neuron blocking agents such as reserpine blocks the granular reuptake of noradrenaline and 5-HT by the vesicular amine transporters and inhibits stereotyped behaviour.\[[@ref28]\] Furthermore, serotonin (5-HT~2A~) receptor antagonists such as clozapine, olanzapine and amperozide are used as antipsychotics. It is also reported that the GABAergic and dopaminergic systems influence one another to enhance their antagonistic activity in apomorphine-induced climbing and stereotyped behaviours.\[[@ref29]\] If GABA agonists purely act by inhibiting dopamine neurons, then their mode of action in apomorphine-induced climbing and stereotyped behaviours would be similar to the action of neuroleptics, namely, by reducing dopaminergic transmission in mesolimbic and striatal areas.\[[@ref25]\] The above hypothesis further supports the antipsychotic and GABA-mimetic actions of SJ.

CONCLUSION {#sec1-5}
==========

Present study provides the scientific basis for the ethno medicinal usage of SJ in treating epileptic and psychotic disorders. The useful effect of SJ observed in this study may be due to the presence of several active constituents such as benzocoumarins, triterpenes, phenolic compounds, fulvic and humic acids either in combination or alone, which needs to be investigated. Further neurochemical studies in the brain are warranted to confirm the specific mode of said hypotheses.
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